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ABSTRACT 
The African mayfly Choroterpes curtus (KIMMINS) is known to show a bimodal flight activity 
at Jinja, Uganda, where extensive light trap catches of this species were made in 1957 -58. 
The dusk peak is made up of subimagines and occurs at a lower light intensity than does thc' 
dawn peak, which is made up of imagines. The dusk peak also shows a lower catch sex ratio ­
(cJcJJC{.~) - than does the dawn peak. The dusk peak of females slightly precedes the dusk peak of 
males. At dawn the activity peak of males slightly precedes that of the females. The observed 
asymmetry in the spacing of the peaks in relation to solar midnight can be explained if CORBET'S 
model (1965) is adopted, taking into consideration also the changes in the efficiency of a light 
trap at dusk and dawn. 
The few imagines caught during the first hours after sunset are regarded as consisting of 
survivors from an older emergence group and insects that have emerged and moulted early the 
same evening. 
It has been suggested that the ratio x/M may be useful as a rough and easily calculatedw 
indication of the consistency of a series of nightly samples. If this ratio is used, it is imperative that 
either x or M is also given to enable the readers to form an opinion of the nightly mean catchesw
 
of the species.
 
INTRODUCTION 
Using a Robinson mercury vapour light trap, T]0NNELAND (1960) recorded 
the flight activity of certain nocturnal Ephemeroptera at Jinja, Uganda. During the 
first year (1956-57) the trap was run every seventh night. Each of the resulting 
52 sampling nights was divided into lO-minute sampling periods, each night 
yielding 72 such sampling periods. During the second year (1957-58) the trap 
was run every night for nine synodic months and it was emptied twice per night: 
the first time one hour after sunset and the second time at sunrise. The procedure 
has been described in a previous paper (T]0NNELAND, 1960), which also lists the 
environmental factors recorded. 
The present paper provides a further analysis of the catches of the mayfly 
Choroterpes curtus (KIMMINS). Both subimagines and imagines of this species are 
readily caught by a light trap and the species shows a continuous emergence as 
this term has been defined by CORBET (1964). 
Subimagines of the species have been observed to emerge at dusk from the 
Napoleon Gulf (T]0NNELAND, 1960). The subimagines fly after sunset and light 
trap catches of subimagines generally reach a maximum 40 to 50 minutes after 
sunset. Having reached the maximum, the decline of the subsequent lO-minutes' 
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c a t c h e s  o f  s u b i m a g i n e s  i s  a t  f i r s t  r a p i d ,  b u t  s u b i m a g i n e s  m a y  b e  c a u g h t  f o r  a  s u b ­
s t a n t i a l  p a r t  o f  t h e  n i g h t .  M o u l t i n g  t a k e s  p l a c e  d u r i n g  t h e  n i g h t  a n d  i m a g i n e s  
f l y  d u r i n g  t h e  l a s t  p a r t  o f  t h e  n i g h t ,  t h e  m a x i m u m  c a t c h e s  o c c u r r i n g  b e f o r e  s u n ­
r i s e .  S o m e  i m a g i n e s  a r e  c a u g h t  b e t w e e n  s u n s e t  a n d  m i d n i g h t ,  a n d  t h e y  h a v e  
b e e n  f u r t h e r  d i s c u s s e d  i n  t h e  p r e s e n t  p a p e r .  T h e  e f f e c t  o f  s o m e  e n v i r o n m e n t a l  
f a c t o r s  o n  t h e  c a t c h e s  i s  a l s o  d e a l t  w i t h .  T h e  e f f e c t  t h e s e  f a c t o r s  m a y  h a v e  i n  
o b s c u r i n g  a n  i n t e r p r e t a t i o n  o f  t h e  e m e r g e n c e  p a t t e r n  f r o m  c a t c h  d a t a  h a s  b e e n  
b r i e f l y  c o n s i d e r e d .  
C A T C H  D A T A  
C O R B E T  ( 1 9 6 4 )  l i s t s '  a n d  d i s c u s s e s  t h e  f o l l o w i n g  t y p e s  o f  e m e r g e n c e :  c o n t i n u o u s l l  
r h y t h m i c ,  s p o r a d i c  a n d  s e a s o n a l  e m e r g e n c e .  A  s e r i e s  o f  n i g h t l y  c a t c h e s  e x t e n d i n g  
o v e r  n i n e  s y n o d i c  m o n t h s  h a s  s h o w n  t h a t  C .  c u r t u s  m u s t  b e  c l a s s i f i e d  a s  h a v i n g  a  
c o n t i n u o u s  t y p e  o f  e m e r g e n c e  ( T J 0 N N E L A N D ,  1 9 6 0 ;  C O R B E T ,  1 9 6 4 ) .  T h i s  i s  a l s o  
b r o u g h t  o u t  q u i t e  w e l l  i n  T a b l e  1  w h i c h  g i v e s  t h e  a v e r a g e  n i g h t l y  c a t c h ,  e x ­
p r e s s e d  b o t h  a s  t h e  a r i t h m e t i c  m e a n  ( x )  a n d  a s  W I L L I A M S '  ( 1 9 3 5 )  m e a n  ( M
w
)  f o r  
e a c h  o f  t h e  s y n o d i c  m o n t h s .  
,  
T a b l e  1 .  T h e  m e a n  n i g h t l y  c a t c h e s  ( e x p r e s s e d  a s x  a n d  M )  o f  C .  c u r t u s f o r  e a c h  o f  a  s e r i e s  c i f  n i n e  s y n o d i c  
w
m o n t h s  d u r i n g  1 9 5 7 - 1 9 5 8 .  
2  . .  
7 . x - 5 . x i - 5 . x i i -
3 . i -
. 1 1 -
4 . i i i - 2 . i v - 2 . v -
I . v i ­
4 . x i  
4 . x i i  
2 . i  l . i i  3 . i i i  l . i v  L v  
3 1 . v  
2 9 . v i  
1 9 5 7  
1 9 5 7  
1 9 5 7 / 8  
1 9 5 8  1 9 5 8  1 9 5 8  1 9 5 8  
1 9 5 8  1 9 5 8  
x  
1 5 1 . 6  
1 6 3 . 6  1 4 9 . 9  
1 8 1 . 7  
1 5 2 . 2  2 0 3 . 8  
1 8 3 . 1  1 3 9 . 5  
1 8 5 . 5  
r J r J  
i  
M
w  
6 5 . 5  
5 6 . 5  1 0 3 . 5  9 1 . 4  
7 5 . 0  
1 2 1 . 0  8 2 . 0  
8 2 . 1  1 1 0 . 0  
2 . 3 1  2 . 9 0  1 . 4 5  1 . 9 9  2 . 0 3  1 . 6 8  
2 . 2 3  
1 . 7 0  1 . 6
M
w  
x  
3 1 . 2  4 3 . 7  3 4 . 3  4 7 . 5  4 7 . 9  
6 9 . 1  5 6 . 7  4 8 . 9  4 4 . 6  
x
•
n  
i  
M 1 4 . 6  
1 4 . 1  
2 1 . 0  
2 1 . 8  1 8 . 6  
4 2 . 4  
2 1 . 5  
2 1 . 3  1 7 . 0
w  
x  
2 . 1 4  3 . 1 0  1 . 6 3  2 . 1 8  2 . 5 8  
1 . 6 3  2 . 6 4  2 . 3 0  2 . 6
M
w  
x  
4 1 4 . 1  
4 7 1 . 7  3 6 7 . 0  
4 1 7 . 6  
3 8 0 . 8  
3 8 0 . 4  4 4 9 . 8  
4 4 2 . 9  6 2 9 . 7  
r J r J  s - i  
M
1 5 0 . 0  1 5 3 . 5  2 2 8 . 6  
2 0 0 . 8  
2 1 6 . 8  
2 1 4 . 9  2 2 9 . 3  
1 9 0 . 5  3 1 4 . 0
w  
x  
2 . 7 6  3 . 0 7  1 . 6 1  2 . 0 8  1 . 7 6  
1 . 7 7  
1 . 9 6  
2 . 3 2  
2 . 0
M
w  
x  1 8 6 . 7  1 9 1 . 1  
1 7 0 . 8  
1 9 7 . 6  1 7 8 . 5  1 9 1 . 8  2 7 0 . 9  
2 7 5 . 2  2 5 6 . 6  
C f C f  s - i  
M
w  
6 5 . 5  5 5 . 7  
1 0 5 . 0  
8 1 . 6  1 0 3 . 1  
1 0 5 . 3  1 3 4 . 4  
1 0 1 . 7  1 3 3 . 5  
x  
2 . 8 5  3 . 4 3  
1 . 6 3  2 . 4 2  
1 . 7 3  1 . 8 2  
2 . 7 1  
1 . 9
2 .
0 2
1
M
, . '  
w  
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In Table 1 the ratio x(Mw has also been given. These ratios are easily calcul*ted 
and when supplied with the corresponding M w value, would seem to give a 
better idea of the consistency of the catches than when the M w value is given alone. 
The x(Mw ratio does give an idea of the variation of the catches. It is obvious 
that if the nightly catches of a given stage and sex of C. curtus do not vary within 
the synodic month, x will equal M w and the ratio x(Mw will equal 1. A variation 
in the size of the nightly catches will increase the ratio and a pronounced variation 
will result in rather high ratios, as will be seen from the following set of examples: 
Total monthly catch = 900 individuals. Number of nights = 30. x = 30 individuals per night. 
• 
Number of nights catch per night Mw xlMw 
x 
30 30 30 1.0 
27 33 24.3 1.23 3 
25 36 18.8 1.65 none 
20 45 11.8 2.510 none 
15 60 6.8 4.415 none 
10 90 3.5 8.620 none 
5 180 1.38 21.725 none 
1 900 - 0.254 118.129 none 
If the catches made during the nine synodic months are compared, it is seen 
that the M w values are relatively high, showing abundance. Furthermore, the 
x(Mw ratios are rather low, showing little variation of the catches. 
The x(Mw ratios, it is noticed, reached a maximum in all four recorded catch 
groups in the period extending from 5th November to 4th December 1957. 
Similarly, the ratios reached a minimum for all four catch groups during the 
period extending from 5th December 1957 to 2nd January 1958, but as far as 
the Cf' Cf' imagines are concerned another minimum is reached from 4th March 
to 1st April 1958. 
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T h e  m e a n  v a l u e s  a n d  t h e  r a t i o  h a v e  a l s o  b e e n  c a l c u l a t e d  t o r  t h e  c a t c h e s  m a d e  
d u r i n g  t h e  w e e k l y  s a m p l i n g  d u r i n g  t h e  f i r s t  y e a r .  I t  s h o u l d  b e  n o t e d  t h a t  f e m a l e s  
( s u b i m a g i n e s  a s  w e l l  a s  i m a g i n e s )  w e r e  n o t  i d e n t i f i e d  i n  t h e  c a t c h e s  m a d e  d u r i n g  
t h e  f i r s t  s e v e n  s a m p l i n g  n i g h t s .  M a l e s  o f  C .  c u r t u s  w e r e  i d e n t i f i e d  f o r  a l l  5 2  n i g h t s .  
H e n c e  t w o  set~ o f  v a l u e s  h a v e  b e e n  g i v e n  f o r  t h e  m a l e s .  O n e  s e t  c o m p r i s e s  t h e  
5 2  s a m p l i n g  n i g h t s ,  t h e  o t h e r  s e t  c o m p r i s e s  t h e  l a s t  4 5  s a m p l i n g  n i g h t s  o n l y .  
T h e  l a t t e r  s e t  o f  v a l u e s  i s  c o m p a r a b l e  w i t h  t h e  s e t  o f  v a l u e s  g i v e n  f o r  t h e  f e m a l e s .  
,  
T a b l e  2 .  T h e  m e a n  n i g h t l y  c a t c h e s  ( e x p r e s s e d  a s x  a n d  M  
w  
)  o f  C .  c u r t m f o r  w e e k l y  s a m p l i n g  n i g h t s  d u r i n g  
1 9 5 6 - 1 9 5 7 .  T h e  5 2  s a m p l i n g  n i g h t s  c o v e r  a  p e r i o d f r o m  1 4 t h  S e p t e m b e r  1 9 5 6  t o  7 t h  S e p t e m b e r  1 9 5 7 .  T h e  4 5  
s a m p l i / ' } g  n i g h t s  c o v e r  a  p e r i o d f r o m  2 n d  N o v e m b e r  1 9 5 6  t o  7 t h  S e p t e m b e r  1 9 5 7 .  
x  
I  
M
w  
x  
M
w  
"  
W  
~ 
3 0  
0 0  
i  ( n =  5 2 )  . . . . . . . . . . .  
i  ( n  =  4 5 )  . . . . . . . . . . .  
1 9 5 . 4  
2 0 4 . 2  
5 5 . 3  
6 4 . 3  
3 . 5 3  
3 . 1 8  
,  
r  
n  
i  ( n  =  4 5 )  . . . . . . . . . . .  
6 ' 6 '  s - i  ( n  =  1 2 )  . . . . . . . . . . .  
6 ' 0  s - i  ( n  =  4 5 )  . . . . . . . . . . .  
6 8 . 2  
6 2 3 . 9  
6 9 2 . 6  
1 6 . 3  
J . ' \ 9 . R  
2 1 7 . 2  
4 . 1 8  
3 . 9 0  
3 . 1 9  
n  s - i  ( n  =  4 5 )  . . . . . . . . . . .  3 0 8 . 2  
9 3 . 3  
3 . 3 0  
.'~ 
I f  T a b l e  1  a n d  T a b l e  2  a r e  c o m p a r e d ,  i t  i s  s e e n  t h a t  t h e  f l u c t u a t i o n  o f  t h e  s i z e  
o f  t h e  c a t c h e s  w a s  g e n e r a l l y  m o r e  p r o n o u n c e d  d u r i n g  t h e  f i r s t  y e a r  o f  s a m p l i n g  
( Y e a r  I ) ,  w h e n  t h e  c a t c h e s  w e r e  o b t a i n e d  o n c e  a  w e e k ,  t h a n  d u r i n g  t h e  s e c o n d  
y e a r  o f  s a m p l i n g  ( Y e a r  I I ) ,  w h e n  s a m p l e s  w e r e  t a k e n  e v e r y  s i n g l e  n i g h t  f o r  2 6 6  
n i g h t s .  T h e  m e a n  c a t c h e s  ( x )  p e r  n i g h t  w e r e  h i g h e r  i n  Y e a r  I ,  a n d  t h i s  a p p l i e s  
t o  b o t h  s e x e s  a n d  s t a g e s  ( T ] 0 N N E L A N D ,  1 9 6 0 ) .  
I n  t r y i n g  t o  d e t e r m i n e  t h e  e m e r g e n c e  p a t t e r n  o f  l a r v o - a q u a t i c  i n s e c t s  b y  i n ­
d i r e c t  m e a n s  - s u c h  a s  a  l i g h t  t r a p  - t h e r e  a r e  c e r t a i n  r e l e v a n t  r e q u i r e m e n t s .  
I t  i s  i m p o r t a n t  t h a t  t h e  n e w l y  e m e r g e d  i n s e c t  c a n  b e  r e a d i l y  r e c o g n i z e d  o r ,  
f a i l i n g  thi~, t h e  t o t a l  a d u l t  l i f e  s p a n  o f  t h e  i n s e c t  m u s t  b e  a  s h o r t  o n e  ( C O R B E T  &  
T . l 0 N N E L A N D ,  1 9 5 5 ;  C O R B E T ,  1 9 6 4 ) .  T h e  m a y f l y  C .  c u r t u s  f u l f i l s  b o t h  r e q u i r e ­
m e n t s .  Al~o, t h e  o b s e r v a t i o n  m u s t  n e e d l e s s  t o  s a y  b e  c o n t i n u o u s ;  t h e  c a t c h  r e c o r d s  
f r o m  Y e a r  I ,  w h e n  t h e  t r a p  w a s  r u n  e v e r y  s e v e n t h  n i g h t ,  y i e l d  n o  r e l i a b l e  i n ­
f o r m a t i o n  a s  f a r  a s  t h e  t y p e  o f  e m e r g e n c e  i s  c o n c e r n e d .  
A s  p r e v i o u s l y  s t a t e d ,  m o s t  i m a g i n e s  o f  C .  c u r t u s  a r e  c a u g h t  s h o r t l y  b e f o r e  s u n ­
r i s e .  T h e s e  a r e  r e c r u i t e d  f r o m  s u b - i m a g i n e s  w h i c h  e m e r g e d  t h e  p r e v i o u s  e v e n i n g .  
A  f e w  i m a g i n e s  h a v e ,  h o w e v e r ,  b e e n  c a u g h t  s h o r t l y  a f t e r  s u n s e t .  D u r i n g  t h e  5 2  
s a m p l i n g  n i g h t s  p f  Y e a r  I ,  o n l y  o n e  i m a g o  ( a  m a l e )  w a s  c a u g h t  d u r i n g  t h e  f i r s t  
h o u r  a f t e r  s u n s e t ,  w h i l e  i n  a l l  2 2  i m a g i n e s  ( a l l  m a l e s )  w e r e  c a u g h t  b e t w e e n  s u n s e t  
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Table 3. The average nightly catch of imagines taken during the first hour after sunset. 
Sex 
~.,Year I Year II 
n x n, x 
66 ................ 52 0.019 266 0.541
 
~<j2 ................ 45 0 266 0.113
 
and midnight. Some of these may well represent the same emergence group as 
the subimagines flying in the evening peak - i.e. individuals that have undergone 
ecdysis earlier than usual. 
During Year II a method of subsampling was employed to cope with the 
samples - for details d. TJ0NNELA:-.lD, 1960 - and the figures obtained for the 
first catching hour of the night are .therefore not quite so reliable, but 144 male 
imagines and 30 female imagines were recorded from this period. It is not possible 
to say how many imagines entered the trap before midnight in Year II as the 
imagines caught after the first catching hour were pooled. 
It is interesting that the mean catches (x) of imagines taken during the first 
hour after sunset are higher for Year II than for Year 1. This has been shown in 
Table 3. 
The highest number of imagines caught during the first hour of sampling in 
anyone night was 86 males and 20 females. Both maxima occurred on the same 
night: 4th March 1958. This was a:night with an unusually high evening tempe­
rature (260 C) following a very hot day (33 0 C) with a low air humidity. The 
catches taken on March 4th 1958 contribute markedly to the averages in Table 
3, but even if the catches from this somewhat unusual night are excluded, the mean 
catches of imagines taken during the first hour after sunset are still higher for 
Year II than for Year 1. 
Table 4. The number of nights when an imago or imagines of C. curtus were present in the subsample from 
the first hour after sunset in Year II. The average nightly catch (x) per night group applies. to the insects found 
in the subsample only. 
xNumber of 
nights 66 Cj2~ 
Only a single imago found in subsample: 
Male .............................. 13 I 0
 
Female ............................ 2 0 I
 
More than one imago found in subsample: 
Males only ......................... 3 3 0
 
Females only ....................... 0
 
Both males and females .............. 3 16.7 4.33
 
(Since these figures applies to the imagines found in the subsample, they are only approximately 
half the total catches of imagines.) 
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N o  I I  I !  
T a b l e  5 .  T h e  c a t c h  s e x  r a t i o s  q f  C .  c u r t u s f o r  Y e a r  I  a n d  Y e a r  I I .  F o r  f u r t h e r  e x p l a n a t i o n  s e e  t e x t .  
1 5 -
1 0  
Y e a r  I  
Y e a r  I I  
Y e a r  I I .  I m a g i n e s  c a u g h t  
1 4  
S t a g e  
( n  =  4 5 )  ( n  =  2 6 6 )  
d u r i n g  t h e  f i r s t  h o u r  
I  
a f t e r  s u n s e t  
l J  
n  - I
!  
S u b i m a g i n e s  . . . . . . . . . . .  2 . 2 5  
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E v e n i n g  c a t c h e s  o f  i m a g i n e s  o f  C .  c u r t u s  a r e  n o t  l i m i t e d  t o  n i g h t s  f o l l o w i n g  h o t  
d a y s .  C a t c h e s  h a v e  a l s o  b e e n  m a d e  a f t e r  c o o l  a n d  h u m i d  d a y s .  I f  t h e  i m a g i n e s  
o f  C .  c u r t u s  f l y i n g  s h o r t l y  a f t e r  s u n s e t  a r e  c o n s i d e r e d .  a s  a  g r o u p ,  i t  i s  l i k e l y  t h a t  th~ \ I ,  
g r o u p  i s  h e t e r o g e n e o u s  a s  w i l l  b e  d i s c u s s e d  l a t e r .  . .  
\ t I .  
T a b l e  4  s h o w s  t h e  n u m b e r  o f  n i g h t s  i n  Y e a r  I J  w h e n  o n e  o r  m o r e  i m a g i n e s ,  
w e r e  p r e s e n t  i n  t h e  s u b s a m p l e  f r o m  t h e  f i r s t  h o u r  a f t e r  s u n s e t .  
A s  subsa~pling w a s  e m p l o y e d ,  i t  i s  o b v i o u s  t h a t  t h e  n u m b e r  o f  n i g h t s  w h e n  
i m a g i n e s  w e r e  c a u g h t  b y  t h e  t r a p  m u s t  b e  h i g h e r  t h a n  i n d i c a t e d  b y  T a b l e  4 .  
I n  T a b l e  5  t h e  c a t c h  s e x  r a t i o s  - h e r e  e x p r e s s e d  a s  r 3 r 3 / ' ? - C f  - h a v e  b e e n  g i v e n  
f o r  s u b i m a g i n e s  a n d  i m a g i n e s  f o r  b o t h  y e a r s .  T h e  i m a g i n e s  c a u g h t  d u r i n g  t h e  
f i r s t  h p u r  a f t e r  s u n s e t  h a v e  b e e n  r e g a r d e d  a s  a  s e p a r a t e  e n t i t y .  
I n  b o t h  y e a r s  i m a g i n e s  s h o w  a  h i g h e r  c a t c h  s e x  r a t i o  t h a n  s u b i m a g i n e s .  T h u s  
a s  t h e  e m e r g e d  p o p u l a t i o n  i n c r e a s e s  i n  a g e ,  f e w e r  f e m a l e s  a r e  c a u g h t  i n  p r o p o r t i o n  
t o  t h e '  c a p t u r e  o f  m a l e s .  T h e  c a t c h  s e x  r a t i o  o f  t h e  i m a g i n e s  c a u g h t  b e f o r e  m i d ­
F i g .  2 .  
n i g h t  i s  p a r t i c u l a r l y  h i g h .  ( I n  Y e a r  I ,  a s  p r e v i o u s l y  s t a t e d ,  a l l  t h e  i m a g i n e s  c a u g h t  
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'e mid­ Fig. 2. Catch sex ratios for subimagines and imagines for the various catching periods of the night.
caught The figure is based on the catches made during the last 45 nights in Year I and the catch sex 
ratios have only been calculated when the total catch of subimagines or imagines in the 45 
identical catching periods exceeded 10 individuals. Ordinate: catch sex ratio, expressed as 33n2. 
Abscissa: successive periods during the night,. 
before midnight were males.) The catch sex ratio of subimagines caught during 
the first hour after sunset in Year II was 1.97. ~ There are indications that the males need less time to complete moulting than 
do the famales (TJ0NNELAND, 1960). It is also noticed that the rise in the catches 
of male imagines after midnight starts sooner than the rise in the catches ot female 
imagines. This has been shown in Fig. 1. The figure is based on the total number 
of male imagines and the total number of female imagines caught during the last 
45 sampling night in Year 1. In the figure the corresponding data have also been 
given for the subimagines. 
By plotting the results in the form ot cumulative percentages of the nights' 
total for each sex and stage, fluctuations resulting from small numbers of C. curtus 
caught in the middle of the night, are effectively smoothed (CORBET & TJ0NNE­
LAND, 1955). As far as the subimagines are concerned, the rise in the cumulativef5 nights '1 percentages is slightly higher for females than for males during the first part of 
,] the night. In the imagines the difference between cumulative percentages of the 4bscissa: 
i1 0  
A U D F I N N  T } 0 N N E L A N D  
M a t . - l \ ' a t u r v .  s e r i e  
N o  1 .  
s e x e s  i s  m o r e  n o t i c e a b l e ,  e s p e c i a l l y  d u r i n g  e a r l y  m o r n i n g .  H e r e ,  t h e  r i s e  s t a r t s  
c a t <  
e a r l i e r  i n  t h e  m a l e s ,  t h e  c a t c h e s  o f  f e m a l e s  l a g g i n g  s o m e w h a t  b e h i n d  i n  t h e  
p r e  
b e g i n n i n g .  
a f t e  
T h e  d i f f e r e n c e s  a r e  a l s o  b r o u g h t  o u t  i f  t h e  c a t c h  s e x  r a t i o s  - a g a i n  e x p r e s s e d  
t e n :  
a s  r3r3/~~ - a r e  p l o t t e d  f o r  t h e  v a r i o u s  l a - m i n u t e s '  s a m p l i n g  i n t e r v a l s  f o r  t h e  l a s t  
i n f l  
4 5  n i g h t s  o f  Y e a r  I .  T h i s  h a s  b e e n  s h o w n  i n  F i g .  2 .  T h e  c a t c h  s e x  r a t i o s  h a v e  o n l y  
s h o  
b e e n  c a l c u l a t e d  w h e n  t h e  t o t a l  n u m b e r  o f  i n s e c t s  c a u g h t  i n  t h e  s a m p l i n g  p e r i o d  
,  
t h e  
e x c e e d e d  l a i n  t h e  4 5  n i g h t s .  
h a \  
I n  t h e  c a t c h  s e x  r a t i o  o f  t h e  s u b i m a g i n e s  t h e r e  i s  a  g e n e r a l  i n c r e a s e  f r o m  
d e r  
s u n s e t  t o  m i d n i g h t .  L a t e r  i n  t h e  n i g h t ,  w h e n  t h e  c a t c h e s  o f  s u b i m a g i n e s  a r e  s m a l l ,  
m g  
t h e r e  i s  a  m a r k e d  f l u c t u a t i o n  i n  t h e  c a t c h  s e x  r a t i o s .  
p a r  
T h e  c a t c h  s e x  r a t i o  o f  t h e  i m a g i n e s  f l u c t u a t e s  a  g o o d  d e a l  o n c e  t h e  i m a g i n e s  
f i g t  
f i r s t  s t a r t  t o  a p p e a r  a t  t h e  t r a p  s h o r t l y  a f t e r  m i d n i g h t .  L a t e r  t h e  c a t c h  s e x  r a t i o  
o f  t h e  i m a g i n e s  s h o w s  a  g e n e r a l ,  s t e a d y  d e c r e a s e  t o w a r d s  s u n r i s e .  
e  
e  
o f  i :  
t u n  
F o r  b o t h  i m a g i n e s  a n d  s u b i m a g i n e s ,  t h e  t e n d e n c y  i s  t h e  s a m e  a s  f a r  a s  t h e  
s h o  
c a t c h  s e x  ra~io i s  c o n c e r n e d .  I n  t h e  m i d d l e  o f  t h e  n i g h t ,  t h e  c a t c h e s  a r e  s m a l l  a n d  
e m ,  
t h e  c a t c h  s e x  r a t i o  f l u c t u a t e s  i n  a  s e e m i n g l y  e r r a t i c  f a s h i o n .  F o r  t h e  r e m a i n d e r  o f  
c a r  
t h e  n i g h t ,  t h e  g e n e r a l  t e n d e n c y  i s  a n  i n c r e a s e  i n  c a t c h  s e x  r a t i o  w i t h  i n c r e a s i n g  
t h e  
c r e p  v a l u e s .  ( d .  N I E L S E N ,  1 9 6 3  f o r  t h e  m e a n i n g  o f  t h e  t e r m  ' c r e p ' ) .  
b e  
s e x  
T h  
D I S C U S S I O N  
x )  
Y e o  
' C O R B E T  ( 1 9 6 4 )  h a s  d i s c u s s e d  v a r i o u s  m e t h o d s  e m p l o y e d  f o r  s t u d y i n g  t h e  
t h e  
e m e r g e n c e  p a t t e r n s  o f  l a r v o - a q u a t i c  i n s e c t s .  I n  s t u d y i n g  t h e  e m e r g e n c e  p a t t e r n s  
S O l  
o f  i n s e c t s  f r o m  L a k e  V i c t o r i a ,  c o m p r e h e n s i v e  m e t h o d s  c a n n o t  b e  a d o p t e d .  L i t t l e  
h a '  
u s e  h a s  b e e n  m a d e  o f  r e p r e s e n t a t i v e  m e t h o d s  - e .  g .  e m e r g e n c e  t r a p s  - i n  t h e s e  
w i l  
p a r t s ,  t h e  r e a s o n  p r o b a b l y  b e i n g  t h e  l a c k  o f  m a n p o w e r  t o  o p e r a t e  a  s u f f i c i e n t  
1 m :  
n u m b e r  o f  t r a p s .  R e l i a b l e  q u a n t i t a t i v e  i n f o r m a t i o n  o n  t h e  d i e l  e m e r g e n c e  p a t t e r n  
s e \ i  
i s  a c c o r d i n g l y  l a c k i n g .  I n f o r m a t i o n  o n  t h e  e m e r g e n c e  p a t t e r n s  h a s  b e e n  o b t a i n e d  
m a i n l y  b y  i n d i r e c t  m e t h o d s .  
I n  t h e  c a s e  o f  C .  c u r t u s  d a t a  o b t a i n e d  b y  l i g h t  t r a p  c a t c h e s  a r e  a d e q u a t e  t o  
d e t e r m i n e  t h e  e m e r g e n c e  p a t t e r n  a t  J i n j a .  I n  d e a l i n g  w i t h  E p h e m e r o p t e r a  t h e  
•  
e  
o f  
a b  
d a '  
c o n c l u s i o n  w o u l d  b e  b a s e d  o n  t h e  n i g h t l y  c a t c h e s  o f  s u b i m a g i n e s ,  i f  t h e s e  a r e  
t r 2  
c a u g h t  b y  t h e  t r a p .  F o r  s p e c i e s  w h e r e  t h e  a d u l t  l i f e  s p a n  i s  s h o r t ,  a s  i s  t h e  c a s e  
e v '  
w i t h  C .  c u r t u s ,  t h e  c o n c l u s i o n  m a y  b e  n o  d i f f e r e n t  i f  b a s e d  o n  t h e  c a t c h e s  o f  i m a g ­
t o  
i n e s  o n l y .  I n  C .  c u r t u s  t h e r e  a p p e a r s  t o  b e  l i t t l e  o v e r l a p  b e t w e e n  s u b s e q u e n t  e m e r ­
1 0 1  
g e n c e  g r o u p s :  f e w - i f  a n y - a d u l t s  f r o m  o n e  e m e r g e n c e  g r o u p  s u r v i v e  l o n g  e n o u g h  
w I  
t o  f l y  w i t h  t h e  a d u l t s  o f  t h e  s u b s e q u e n t  e m e r g e n c e  g r o u p .  E v e n  i f  a l l  t h e  i m a g i n e s  
c a u g h t  d u r i n g  t h e  f i r s t  h o u r  a f t e r  s u n s e t  w e r e  a s s u m e d  t o  b e  s u r v i v o r s  f r o m  t h e  
Y I  
p r e c e d i n g  e m e r g e n c e  g r o u p ,  t h e y  s t i l l  r e p r e s e n t  o n l y  a  s m a l l  f r a c t i o n  o f  t h e  
i m a g i n e s  c a u g h t .  I n d e e d ,  i s  i s  d o u b t f u l  i f  a l l  i m a g i n e s  c a u g h t  d u r i n g  t h e  f i r s t  
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catching hour of the night are survivors from an old emergence population. As. 
previously mentioned, the highest catch of imagines taken during the first hour 
after sunset followed a day with very low air humidity and also a high day 
temperature. Although air humidity and temperature are not the only factors 
influencing survival, it seems unlikely that such a disproportionately large number 
should be able to survive such severe climatic conditions. It is more likely that 
these insects represent early emergers which, because of the high temperature, 
have moulted sufficiently early to fly shortly after sunset. It has already been 
demonstrated that there is a relation between the first catch of imagines and 
night temperature (d. TJ0NNELAND, 1960, Fig. 47). In the cited figure the left 
part applies to C. curtus males, and not females as stated. The right part of the 
figure deals with the females, as is evident from the text (d. p. 26). Small captures 
of imagines have been seen in evenings following days with relatively low tempera­
tures and a high relative humidity, and it is assumed that the imagines caught 
shortly after sunset are recruited partly from survivors, and partly from early 
emergers. The assumption is based on indications only. Longevity experiments 
carried out do not preclude that late emergers may survive to fly as imagines in 
the evening peak roughly 20-24 hours after emergence. Less importance should 
be attached to the fact that the evening catches of imagines show a high catch 
sex ratio, as the same is also true for the imagines caught shortly alter midnight. 
The fact that the catches of imagines in the evening were higher (expressed as 
x) in Year II than in Year I, while the total catches of imagines decreased from 
Year I to Year II, may also be an indication. It is clear that a light trap attracts 
the subimagines of C. curtus. Not all the subimagines attracted enter the trap. 
Some settle in the neighbourhood of the trap and remain settled till after they 
have moulted. If for some reason moulting is delayed - as may well be the case 
with late emergers - these insects are not ready to fly in the morning peak. Also, 
imagines which may have moulted in time, may be prevented from flying by 
severe climatic conditions. After sunrise, this part of the emergence group prob­
ably becomes flight inhibited for the whole day, and those which do survive the 
day are 'released into activity' after sunset the following evening. 
When a light trap is run at the same site every night, an increase in the catches 
of survivors from the previous night may result. These survIvors have been at­
tracted to the trapping site the night before. If the trap is run at the same site 
every second night, or once a week as was the case during Year I, insects attracted 
to the site would, if they survived, disperse when released into activity the fol­
lowing night. There would thus be no 'concentration' of survivors at the site 
when the trap was run next time. 
Although only one imago was caught during the first hour after sunset in 
Year I, there was a small, but steady, influx of imagines (all males) during the 
five following catching hours. Some of the insects caught were no doubt insects 
that had emerged and moulted early. The fact that no female imagines were 
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M a t . - N a t u r v .  s e r i e
1 2  
N o  1 ,  1 9 6 9  
c a u g h t  b e f o r e  m i d n i g h t  i n  Y e a r  I  m a y  w e l l  i n d i c a t e  t h a t  t h e  i m a g i n e s  w e r e  d e r i v e d  
f r o m  t w o  d i f f e r e n t  e m e r g e n c e  p o p u l a t i o n s .  S o m e  i m a g i n e s  m a y  r e p r e s e n t  c h a n c e  
a r r i v a l s  o f  s c a t t e r e d  s u r v i v o r s  f r o m  t h e  n i g h t  b e f o r e .  
A s  s e e n  f r o m  T a b l e  5  ( p .  8 )  t h e  c a t c h  s e x  r a t i o  o f  t h e  i m a g i n e s  e x c e e d s  t h e  
c a t c h  s e x  r a t i o  o f  t h e  s u b i m a g i n e s ,  a n d  t h i s  h o l d s  t r u e  f o r  b o t h  y e a r s .  T h e  t o t a l  
M l . ­
c a t c h  o f  i m a g i n e s  t h u s  c o n t a i n s  f e w e r  f e m a l e s  i n  r e l a t i o n  t o  t h e  n u m b e r  o f  m a l e s  
t h a n  d o e s  t h e  t o t a l  c a t c h  o f  s u b i m a g i n e s .  T h i s  d e c r e a s e  c o u l d  b e  b r o u g h t  a b o u t  
b y  s e v e r a l  f a c t o r s  a c t i n g  s e p a r a t e l y  o r  t o g e t h e r .  I f  t h e  e m e r g i n g  p o p u l a t i o n  w e r e  
s m a l l ,  o n e  c o u l d  v i s u a l i z e  t h e  d e c r e a s e  b e i n g  b r o u g h t  a b o u t  b y  t h e  f e m a l e s  b e i n g  
m o r e  s t r o n g l y  a t t r a c t e d  t o  t h e  t r a p  - o r  s a m p l e d  f { o m  a  w i d e r  a r e a  - t h a n  t h e  
X l  
m a l e s .  T h i s  w o u l d  a g a i n  d e p l e t e  t h e  p o p u l a t i o n  o f  f e m a l e s  m o r e  t h a n  t h e  p o p u ­
l a t i o n  o f  m a l e s  e a r l y  i n  t h e  n i g h t  a n d  a  s m a l l  c a t c h  o f  f e m a l e  i m a g i n e s  w o u l V  
\ j
e v e n t u a l l y  r e s u l t .  S u c h  a n  e x p l a n a t i o n  c a n n o t  b e  a c c e p t e d  a s  t h e  t o l l  t a k e n  b y  
t h e  t r a p  m u s t  b e  n e g l i g i b l e .  
l
E
T h e  i n c r e a s e  i n  c a t c h  s e x  r a t i o  w o u l d  a l s o  r e s u l t  i f  t h e r e  w a s  a  d i f f e r e n c e  i n  
m o r t a l i t y  d u r i n g  t h e  p e r i o d  o f  q u i e s c e n c e  a n d  m o u l t i n g ,  i .  e .  i f  t h e  f e m a l e s  s h o w e d  
t h e  h i g h e r  m o r t a l i t y .  f r o m  t h e  t r a p  d a t a  i t  a p p e a r s  t h a t  t h e  p e r i o d  o f  q u i e s c e n c e  
m a y  w e l l  l a s t  s l i g h t l y  l o n g e r  i n  t h e  f e m a l e s  ( d .  F i g .  1 ,  p .  8 ) .  T o  w h a t  e x t e n t  a  
s l i g h t l y  l o n g e r  q u i e s c e n t  p e r i o d  w o u l d  l e a d  t o  a  h e a v i e r  m o r t a l i t y  c a n  b e  d e b a t e d .  
A  n u m b e r  o f  f a c t o r s ,  o f  w h i c h  w e  k n o w  l i t t l e ,  h e r e  e n t e r  i n t o  c o n s i d e r a t i o n ,  b u t  
F i g .  3 .  0  
t h e  r i s k  o f  d i s l o d g i n g  w o u l d  i n c r e a s e  w i t h  a  l o n g e r  q u i e s c e n t  p e r i o d .  I n  t h e  
a t  a  l o w (  
p r e s e n t  c a s e  t h e  d i f f e r e n c e  i n  q u i e s c e n t  p e r i o d  b e t w e e n  t h e  s e x e s  i s  p r o b a b l y  n o t  
l a r g e  e n o u g h  t o  b e  o f  p r a c t i c a l  i m p o r t a n c e .  B u t  t h e  p o s s i b i l i t y  t h a t  t h e  f e m a l e s  
m a y  s u f f e r  a  h i g h e r  m o r t a l i t y  d u r i n g  t h e  a c t u a l  m o u l t i n g  c a n n o t  b e  e n t i r e l y  
a n d  i n d  
r u l e d  o u t .  
p e r i o d s .  
A l t h o u g h  m o r t a l i t y  m a y  w e l l  p l a y a  p a r t ,  t h e  e x p l a n a t i o n  o f  t h e  p r o n o u n c e d  
t o w a r d s  
d i s c r e p a  n c y  i n  t h e  c a t c h  s e x  r a t i o s  o f  s u b i m a g i n e s  a n d  i m a g i n e s  m u s t  p r o b a b l y  
t r a p  i s  1  
b e  s o u g h t  e l s e w h e r e .  I f  t h e  f l i g h t  a c t i v i t y  f i g u r e s  o f  C .  c u r t u s  a r e  s t u d i e d  ( d .  
a  m o r e  
T J 0 N N E L A N D ,  1 9 6 0 ,  F i g s .  1 6 a  &  1 6 b )  i t  i s  n o t i c e d  t h a t  t h e  p e a k  c a t c h e s  i n  th~. .  
f A  I f ­
e v e n i n g  h a v e  o c c u r r e d  b e t w e e n  5 0  - 6 0  m i n u t e s  a f t e r  s u n s e t  w h e r e a s  t h e  p e a .  
~lace a t  
c a t c h e s  i n  t h e  m o r n i n g  h a v e  o c c u r r e d  b e t w e e n  3 0 - 4 0  m i n u t e s  b e f o r e  s u n r i s e .  
o f  f e m a l  
T h e  e v e n i n g  a n d  t h e  m o r n i n g  p e a k s  a r e  t h e r e f o r e  n o t  s y m m e t r i c a l l y  s p a c e d  
l e a d i n g  
a b o u t  s o l a r  m i d n i g h t .  T h i s  m a y  w e l l  r e f l e c t  a n  a s y m m e t r y  i n  t h e  d i e l  a c t i v i t y  o f  
t h e  f e r n  
t h i s  e o c r e p u s c u l a r  i n s e c t .  T h e  d i s c r e p a n c i e s  i n  t h e  c a t c h  s e x  r a t i o n s  p r e v i o u s l y  
w h e r e  t l  
d e s c r i b e d  c a n  t h e n  b e  e x p l a i n e d  b y  a d o p t i n g  C O R B E T ' S  ( 1 9 6 5 )  m o d e l  e x p l a i n i n g  
t r a p  c h :  
a s y m m e t r y  i n  e o c r e p u s c u l a r  d i e l  p e r i o d i c i t i e s  o f  i n s e c t s .  ( F i g .  3 ) .  
t o  b e  t l  
I f  t h e  i n i t i a t i o n  o f  a  s e q u e n c e  l e a d i n g  t o  a c t i v i t y  s t a r t s  a t  h i g h e r  l i g h t  i n ­
t h e  m  
t e n s i t i e s  i n  t h e  f e m a l e s  t h a n  i t  d o e s  i n  t h e  m a l e s ,  t h e  d i s c r e p a n c y  i n  c a t c h  s e x  
s u b i m a '  
r a t i o s  c a n  b e  e x p l a i n e d  a s f o l l o w s .  I n  t h e  e v e n i n g  a  l i g h t  t r a p  i n c r e a s e s  i t s  e f f i c i e n c y  
1 f t  
f r o m  s u n s e t  t i l l  t h e  e n d  0 1  t h e  a s t r o n o m i c a l  t w i l i g h t .  I n  t h e  m o r n i n g ,  t h e  e f f i c i e n c y  
s a m e  p  
o f  , t 1 i g h t  t r a p  d e c r e a s e s  f r o m  t h e  b e g i n n i n g  o f  a s t r o n o m i c a l  t w i l i g h t  t i l l  s u n r i s e .  
t i v i t y  0  
I n  t h e  e v e n i n g  i t  i s  l i k e l y  t h a t  t h e  e f f i c i e n c y  o f  t h e  t r a p  i n c r e a s e s  s l o w l y  a t  f i r s t  
t h e  t r a  
•  ~..tf"'::.;~7;r-
- - "  ~:~~ . . ,,~f~~ .
; : :  . ' * '  ' ' - '  . '  , - .~., 
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No I, 1969 OBSERVATIONS ON CHOROTERPES CURTUS 
SUNSET SUNRISE 
• 
x E x M 
TIME 
Fig. 3. CORBET'S diagram illustrating the way in which a sunset activity peak (at time E) can fall 
at a lower light intensity than a sunrise peak (at time M). The activity sequence is released at 
time X (light intensity Xl). From CORBET (1965). 
and indeed few insects have been caught during the first lO-minutes' catching 
periods. The efficiency of the trap then increases more rapidly to be slowed down 
towards the end of astronomical twilight. In the morning the efficiency of the 
trap is likely to decrease slowly at the onset of astronomical twilight; then follows 
a more rapid decrease which slows down as sunrise approaches.. 
A If - in the evening - the initiation of the sequence leading to activity takes 
''- J>lace at a higher light intensity in the females than in the males, the peak activity 
of females would precede the peak flight activity of males, provided the sequence 
leading to activity is of the same duration in the two sexes. The time lag between 
the female and the male activity peak may in the evening fall within a period 
where the trap is nearing its full efficiency, i. e. at a time when the efficiency of the 
trap changes little. Even so, the observed catch sex ratio must be assumed not 
to be the 'true' catch sex ratio, it will probably be slightly biased in favour of 
the males. By a 'true' catch sex ratio is not meant the true sex ratio of the 
subimagines or the imagines of which we know little. 
If the initiation of the sequence leading to activity in the morning follows the 
same pattern, the activity peak of the females would fall later than the peak ac­
tivity of the males. Here the time lag between the two may fall in a period where 
the trap is rapidly losing its efficiency, resulting in a pronounced increase in the 
. 
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A U D F I N N  T J 0 N N E L A N D  
M a t . - N a t u r v .  s e r i e  
N o  I ,  
o b s e r v e d  c a t c h  s e x  r a t i o  f o r  t h e  i m a g i n e s  a s  c o m p a r e d  w i t h  t h e  o b s e r v e d  c a t c h  
s e x  r a t i o  f o r  t h e  s u b i m a g i n e s .  
S u c h  a  t i m e  l a g  w o u l d  s e e m  t o  h a v e  a  d e f i n i t e  a d a p t i v e  v a l u e ,  a s  t h e  m a j o r i t y  
o f  f e m a l e s  w o u l d  s t a r t  t o  f l y  a f t e r  t h e  m a l e s  h a v e  s t a r t e d  t o  s w a r m .  
C O R  
C O R I  
N I E L  
T ] 0 "  
A C K N O W L E D G E M E N T S  
W I L l  
I  a m  i n d e b t e d  t o  t h e  U n i v e r s i t y  o f  B e r g e n  a n d  t h e  ' N o r g e s  A l m e n v i t e n s k a p e l i g e  F o r s k n i n g s ­
r i d '  f o r  g r a n t s  m a k i n g  i t  p o s s i b l e  f o r  m e  t o  s p e n d  t w o  y e a r s  i n  U g a n d a .  M y  s i n c e r e  t h a n k s  g o  
t o  M r .  R .  S .  A .  B E A U C H A M P ,  f o r m e r  d i r e c t o r  o f  t h e  E a s t  A k i c a n  F i s h e r i e s  R e s e a r c h  O r g a n i z a t i o n  
f o r  l e t t i n g  m e  u s e  a l l  l a b o r a t o r y  f a c i l i t i e s .  I  w o u l d  a l s o  l i k e  t o  t h a n k  D r .  P .  S .  C O R B E T  f o r  c o r r e c t i n g  
t h e  E n g l i s h  a n d  M r .  A .  M .  R O L L A N D  a n d  M r s .  A .  G]EIT~EM f o r  d r a w i n g  t h e  f i g u r e s .  
e  
-
C O N C L U S I O N S  
I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  x ( M
w  
r a t i o  m a y  b e  u s e d  a s  a  r o u g h  a n d  r e a d i l y  
c a 1 c l ; l l a t e d  i n d e x  s h o w i n g  c o n s i s t e n c i e s  o f  c a t c h e s  b y  a  l i g h t  t r a p  - p r o v i d e d  
e i t h ( f r  x  o r  M  
w  
a r e  a l s o  g i v e n .  I n  t h e  p r e s e n t  c a s e ,  t h e  r a t i o s  f o r  C h o r o t e r p e s  c u r t u s  
( K I M M I N S )  a r e  l o w ,  s h o w i n g  a  l o w  f l u c t u a t i o n  o f  c a t c h e s  o v e r  a  n i n e  m o n t h  
o b s e r v a t i o n  p e r i o d .  
I m a g i n e s  o f  C .  c u r t u s  c a u g h t  s h o r t l y  a f t e r  s u n s e t  a r e  r e g a r d e d  a s  b e i n g  a  
h e t e r o g e n e o u s  g r o u p  r e c r u i t e d  p a r t l y  f r o m  ' s u r v i v o r s '  f r o m  a n  o l d e r  e m e r g e n c e  
g r o u p  a n d  e a r l y  e m e r g e r s  f r o m  t h e  l a s t  e m e r g e n c e  g r o u p .  I t  h a s  a l s o  b e e n  p o i n t e d  
o u t  t h a t  t h e  r u n n i n g  o f  a  l i g h t  t r a p  a t  t h e  s a m e  s i t e  e v e r y  n i g h t  m a y  l e a d  t o  a n  
o v e r r e p r e s e n t a t i o n  o f  s u r v i v o r s  i n  t h e  c a t c h e s .  
T h e  d a w n  a c t i v i t y  p e a k  o c c u r s  a t  a  h i g h e r  l i g h t  i n t e n s i t y  t h a n  d o e s  t h e  d u s k  
p e a k  i n  b o t h  s e x e s .  A s  s e e n  f r o m  F i g .  1 ,  t h e  d u s k  p e a k  o f  t h e  f e m a l e  s u b i m a g i n e s  
s l i g h t l y  p r e c e d e s  t h a t  o f  t h e  m a l e  s u b i m a g i n e s .  I n  t h e  m o r n i n g  t h e  d a w n  p e a k  o f  
t h e  m a l e  i m a g i n e s  s l i g h t l y  p r e c e d e s  t h a t  o f  t h e  f e m a l e  i m a g i n e s .  P r o v i d e d  t h e  
i n i t i a t i o n  o f  a  s e q u e n c e  l e a d i n g  t o  a c t i v i t y  t a k e s  p l a c e  a t  a  h i g h e r  l i g h t  i n t e n s i t y  
i n  t h e  f e m a l e s  t h a n  i n  t h e  m a l e s ,  t h e  a s y m m e t r y  o b s e r v e d  c a n  b e  e x p l a i n e d  b y  
a d o p t i n g  C O R B E T ' S  ( 1 9 6 5 )  m o d e l  f o r  a s y m m e t r y  i n  e o c r e p u s c u l a r  d i e l  p e r i o d i c ­
i t i e s  o f  i n s e c t s .  
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